We analiyze the shadow of charged stationary axially symmetric space-time (Kerr-Sen dilatonaxion black hole). This black hole is defined by a mass M , a spin a and r α = Q 2 M , where Q is the electric charge. Shadows are investigated in two conditions, i) for an observer at infinity in vacuum and ii) for an observer at infinity in the presence of plasma with radial power-low density.
INTRODUCTION
A black hole is a part of space-time, which displays powerful gravitational effects that nothing, including particles and electromagnetic radiation, such as light, can escape from inside it [1] . Also, detecting black holes is an interesting issue, which attracts lots of researchers and scientists, who provide lots of articles and literatures. However, lack of observational data is one of the most important problems in gathering information about black holes.
In this context, General Relativity predicts two methods for observing black hole, which are called gravitational lensing [2] , [3] and detection of gravitational waves [4] . Nowadays, obtaining data about Sagittarius A*, a possible black hole in the center of the Milky Way, is an interesting subject. As a result, two groups were formed with the objective to see the possible black hole in the center of the Milky Way, these groups are known as Event Horizon Telescope (EHT) [5, 6] and BlackHoleCam (BHC) [7] . The goal of these groups is detecting the shadow of the possible black hole in the center of the Milky Way. The concept of shadow is explained in following. If a source of light and an observer placed on r L and r O from a black hole respectively, with the term of r L > r O , the sky of observer has two condition. First, the sky of observer will be dark if the light rays go to the event horizon of black hole and they do not come back to the light source. On the other hand, the sky of observer will be bright, when the light rays are deflected by the black hole and they come back to the light source. Shadow is the darkness of the observer's sky [8] . The shadow of different space-time has been analyzed in various articles. In fact, investigating the black hole's shadow, can improve our information about it. Surveys show that, the shadow of a Schwarzschild black hole is circular and it has photon sphere [9] , while the shadow of a Kerr black hole is not circular and it has photon region [10] . Some of the study of the black hole's shadow are, Kerr [11] [12] [13] , Kerr-Newman [14] , Randall-Sundrum braneworld [15] , black holes in f (R) gravity [18] , multi-black hole [17] and black hole in extended Chern-Simons modified gravity [16] .
In this paper, we come with the idea that, the possible black hole in the center of the Milky Way (Sagittarius A* ), is Kerr-Sen dilaton-axion black hole, which was introduced by Sen [19] in 1992. The solution made of the classical equation of motion for heterotic string theory in the low energy effective field. It had been started from a Kerr black hole with twisting method, as a result, sometimes it is named twisted Kerr black hole. Some properties like, Thermodynamic [20, 21] , astrophysical consequences [22] [23] [24] [25] , hidden symmetries, photon capture [26] and geodesic motion [27] in Kerr-Sen dilaton-axion black hole have been studied.
In this paper, we investigate the shadow of Kerr-Sen dilaton-axion black hole, for this purpose our paper is organized as follow, in Sect. 2, we summarize the properties of Kerr-Sen dilatonaxion black hole, in Sect. 3, we study the geodesic equation of this black hole. We study the shadow for an observer at r = ∞ in Sect.4. The shadow of black hole in the presence of plasma, has been analyzed in Sect. 5 and our results conclude in Sect. 6.
METRIC
In this section, we study the charged, stationary, axially-symmetric solution [28] of the field equations which was found by Sen. This solution was constructed using space duality and the classical Kerr solution. So, the line element in Boyer-Lindquist coordinates is written as,
where
M is the mass,
, where Q is the charge and a = J/M is the angular momentum of the black hole. The Kerr-Sen black hole converts to the Gibbons-Maeda-Garfinkle-HorowitzStrominger (GMGHS) black hole, when a = 0, and in the case of r α = 0 this black hole is Kerr. If both a and r α are equal to zero then it is Schwarzschild black hole.
THE GEODESIC EQUATIONS
In this section, the geodesic equation of the Kerr-Sen dilaton-axion black holes are studied.
The Hamilton-Jacobi equation
can be solved with an ansatz for the action
The energy E and the angular momentum L which are given by P t and P φ are the constants of motion,
Using Eqs. (4)- (6) we have
where, each side of Eq.(7) depends only on r or θ. Using the Carter [29] constant and the separation ansatz Eq. (5) we have the equations of motion:
For studying the shadow null geodesic is important, so we put ε=0 and we have
Introducing dimensionless quantities i.e. ξ = L E and η = K E 2 , which are constant along the geodesics, Eq. (12) becomes as,
For circular motion of the particles, the effective potential is useful tool that needs to be investigated, so we obtain [30] 
As a result,
For finding ξ and η, we analyze circular orbits of the photons [31]
These conditions are equivalent to R(r) = 0 and dR(r) dr = 0. So, we can obtain the constant of motion i.e. η and ξ, using Eqs. (18) and (19) .
SHADOW FOR AN OBSERVER AT r → ∞
In this section, we analyze the shadow of black holes for an observer, which is placed in r = ∞ in vacuum, so the celestial coordinate α and β are introduced as [32] α = lim
and
where, θ O is the angle between the rotation axis of the black hole and the line of sight of the observer. Considering the situation r O → ∞ and θ O = π 2 and using Eq. (12)- (15) , α and β are equal to
By above conditions, for obtaining the black hole's shadow, we plot β versus α. In Fig. 1 different values of the rotation parameter (a ) and electric charge (Q) are represented. We show that, by changing a and Q, the symmetry and size of the black hole's shadow, will change. In fact, the size of shadow decreases by increasing Q and the shadow's symmetry of the black hole, decreases by increasing a. In following, using the parameters which are introduced by Hioki and Maeda [33] , we analyze deviation from circular form (δ s ) and the size (R s ) of the shadow image of the black hole. For calculating these parameters, we consider five points (α t , β t ),(α b , β b ), (α r , 0), (α p , 0) and (ᾱ p , 0) which are top, bottom, rightmost, leftmost of the shadow and leftmost of the reference circle (see Fig .2 [34] ) respectively, so we have
In Fig. 3 , we show the plot of R s and δ s for different values of Q. We show that, by increasing Q, δ s increases and R s decreases. It means that, the larger value of electric charge leads to decreasing in the size and increasing in the distortion of the shadow of black hole. 
Energy emission rate
In this part, we study the possible visibility of the Kerr-Sen dilaton-axion black hole through shadow. In the vicinity of limiting constant value, the cross section of the black hole's absorption moderate lightly at high energy. We know that a rotating black hole can absorb a electromagnetic waves, so the absorbing cross section for a spherically symmetric black hole is [35] 
using above equation (26), the energy emission rate is [36] 
where T is the Hawking temperature and ω the frequency. The Hawking temperature for this black hole, is obtained by the outer event horizon r + and mass of black hole M as follow
where J = a M and S is the entropy of the black hole, which is equal to
Using (T = ∂M ∂S
), the Hawking temperature is 
SHADOW OF BLACK HOLE IN THE PRESENCE OF PLASMA AT r −→ ∞
In this section, we will analyze the shadow of Kerr-Sen dilaton-axion black hole in the presence of plasma for an observer at infinity. The travel of radiation for an isotropic and dispersive environment in General Relativity, was studied by Bicak and Hadrava [37] in 1975.
Furthermore, in Refs. [38] [39] [40] , the shadow of different black hole in the presence of plasma, has been investigated. So, in this part, we analyze the influence of the plasma parameter, on the image of black hole's shadow in Kerr-Sen dilaton-axion space-time. The refraction index of plasma n, which is connected to the photon four-momentum, is [41] 
where u β , is the velocity for an observer, and for the vacuum environment, n is equal to 1.
For analytical result, we introduce the specific form of plasma frequency as [42] 
where, ω v and ω e , are photon frequency and plasma frequency, respectively. With the equation of Hamilton-Jacobi for this geometry [43] 
The equations of motion of photons in the presence of plasma can be calculated as
We consider the plasma frequency as [44] 
where, N(r), is the plasma number density. Also, in Eq. (39) m and e are mass and electron charge. We can consider the plasma number density as below
So, we have
in which, h ≥ 0. In following, for this case, we consider h = 1 [45] and
In following, we obtain the constants of motion (i.e. η and ξ), using R(r) = 0 andṘ(r) = 0 conditions in Eq. (35) . Then, for an observer in equatorial plane θ o =π/2, the celestial coordinates (20)- (21) are
Now, some examples of black hole's shadow in the presence of plasma are plotted by using α and β, in Fig. 5 . In this figure, we show that, the shape and the size of shadows are dependent to plasma parameter, spin and Q. One can see that, the asymmetry of black hole's shadow increases by increasing a and the size of shadow decreases by increasing Q, which these influences are similar to the vacuum state. In Fig. 6 , the effect of plasma parameter k, has been investigated on the size of shadow.
We show that in the presence of plasma, the size of black hole's shadow decreases by increasing k. Note that, the spin parameter a, has an important role in these changes. It means, there is no difference between image of shadow in vacuum and in the presence of plasma when a = 0, but this difference appears by increasing a. So, the radius of black hole's shadow in the presence of plasma, is always equal to or less than the vacuum state.
CONCLUSIONS
In this article, we studied the black hole's shadow in the vacuum state and in the presence of plasma for an observer at infinity. For analyzing the shadow, first we calculated geodesic equation for this space-time, then using geodesic equation, some example of shadow images were plotted. The results show that, some properties of black hole's shadow, like size and symmetry, are dependent to space-time parameters. It means that, for all cases (vacuumplasma), the size of shadow image decreases by increasing electric charge, also the symmetry of black hole's shadow deviates from circular form, by increasing a. Moreover, the size of black hole's shadow in vacuum is bigger than or equal to the size of shadow in the presence of plasma. Also, the energy emission rate for different value of a was plotted and we see that the energy emission rate decreases by increasing Q. Details of each figure, are shown in table(I-III) (see Appendix). For future research, it would be interesting to study photon region in Kerr-Sen dilaton-axion black hole. Fig.5 , for an observer at infinity, the electric charge (Q) and spin parameter (a) were investigated in this figure in the presence of plasma.
